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Abstract 
The sex type of a cucumber plant is determined by the proportion of male, female and hermaphrodite flowers that it 
bears and is an important factor that affects fruit yield. In this paper, the sex types and seasonal sexual stabilities of 322 
accessions of cucumber germplasm were identified. This germplasm collection displayed a great variety of sex types. We 
used an updated 10-type sex classification system based on the flower types present and the proportion of nodes with 
pistillate flowers (PNPF). The PNPF ranges of all the accessions were 2.12%–100% in spring and 0–100% in autumn. A 
total of 81.37% of the accessions had PNPFs of 10%–50% in spring, but most (84.78%) accessions were reduced to 
0–20% PNPF in autumn. The range of reduction of PNPF from spring to autumn was 0–67.91%. In other words, most of 
the germplasm was normal monoecious (31.68%) or subandroecious (62.73%) in spring, but 94.10% of the accessions 
were subandroecious in autumn. According to the statistical evaluation of the difference in PNPFs between the two 
seasons, each accession could be classified into one of three groups: seasonally stable, seasonally sensitive and highly 
seasonally sensitive, accounting for 10.56%, 20.50% and 68.94% of the accessions, respectively. With a few exceptions, 
the seasonal PNPF differences were positively correlated with the PNPFs in a given season for most accessions. These 
results provided useful information and materials for sex expression mechanism research and for breeding cucumbers 
with high and stable yields.  
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1. Introduction 
Cucumber (Cucumis sativus L.) is one of the most 
economically important members of the family Cucurbitaceae. 
As a monoecious plant, it serves as a model for the study of 
sexual development of flowers (Rosa, 1928; Malepszy and 
Niemirowicz-Szczytt, 1991; Trebitsh, et al. 1997; Li and Si, 
2007). Cucumber flowers may be unisexual male, unisexual  
 
 
female or hermaphrodite (having both male and female parts). 
Based on the type and ratio of different flowers formed, the plants 
are classified as gynoecious, subgynoecious, normal monoecious, 
androecious, hermaphroditic, gynomonoecious, trimonoecious 
(monoecious + hermaphrodite), or andromonoecious (Tan, 
1980). The sexual development and performance of flowers are 
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directly related to the fruit yield, and thus they have become 
important agronomic traits in horticultural science and plant 
breeding (Fujieda et al. 1982; Jiang et al., 1989; Zuo and Xie, 
1995; Li et al., 2001; Chen et al., 2003). Previous studies 
have mainly focused on the genetics and molecular 
mechanisms that produce several typical sex types (such as 
gynoecious, normal monoecious or hermaphroditic) in 
certain planting seasons (Chen and Liu, 1999; Ye et al., 2000; 
Xie and Wehner, 2001; Wehner, 2005-2006; Lou et al., 2005; 
Chen, et al. 2011). However, Zhong et al. (2010) found that 
the sex expression of two cucumber accessions depended on 
the season. To the best of our knowledge, no attention has 
been paid to the genetic variation of the proportion of nodes 
with pistillate flowers (PNPF), the diversity of sex types, or 
the sex expression plasticity within cucumber germplasm 
resources. 
A total of 1 521 accessions of cucumber germplasms, both 
within China and from abroad, have been collected and 
conserved in the National Mid-term GenBank of Vegetable 
Germplasm Resources at the Institute of Vegetables and Flowers 
(IVF) of the Chinese Academy of Agricultural Sciences (CAAS). 
Morphological observations and molecular analyses have been 
performed on this collection (Li et al., 1999, 2002, 2005; Zhang 
et al., 2006; Zou et al., 2008). Our preliminary observations 
were that cucumber PNPFs showed a wide distribution under 
the same growth conditions, and the PNPFs of some accessions 
varied significantly in different planting seasons. In this study, 
322 accessions of the cucumber core germplasms were planted 
in both spring and autumn, and their sex types and seasonal 
sexual stabilities were evaluated in the field. This systematic 
analysis of sex type and its stability in the cucumber 
germplasms will contribute to our understanding of the 
mechanisms of sexual development in flowers, as well as 
improve cucumber cultivation and breeding for good quality and 
high yield.   
2. Materials and methods 
2.1. Material 
The plant materials used in this study were a core 
collection comprising 322 accessions selected from the 1 521 
primary cucumber accessions conserved in the National 
Mid-term GenBank of Vegetable Germplasm Resources, IVF, 
CAAS. These accessions represented a wide geographical 
distribution, mainly from China, including the provinces and 
municipalities of Anhui, Beijing, Chongqing, Fujian, Gansu, 
Guangdong, Guangxi, Guizhou, Hebei, Henan, Heilongjiang, 
Hubei, Hunan, Jilin, Jiangxi, Liaoning, Inner Mongolia, 
Ningxia, Qinghai, Shandong, Shanxi, Shaanxi, Sichuan,  
 
Shanghai, Tianjin, Xinjiang, Yunnan, Zhejiang, Hong Kong 
and Taiwan. The selected accessions also included materials 
from Egypt, Russia, Ukraine, the United States, France, Japan, 
Spain, Hungary, India, Israel, Korea, Bulgaria and other 
countries.   
2.2. Plant growth 
All plants were grown at Nankou Experimental Farm, 
Changping, Beijing, China. Paired experiments were performed 
in the spring and autumn planting seasons of 2009 after a pilot 
study using some of the germplasms in 2008. In the spring 
planting season, seeds were sown in pots filled with a 1:1 
mixture of turf and vermiculite in a sunlit greenhouse on March 
9th. Seedlings were transplanted into a plastic greenhouse on 
April 2nd; a random block design of three replicates with five 
plants per replicate for each accession was used. In the autumn 
planting season, seeds were sown in pots as above on July 23rd, 
and seedlings were transplanted into the plastic greenhouse on 
August 6th, with three replicates of five plants per replicate for 
each accession. 
2.3. The PNPF identification and sex type 
classification 
The immature fruit or ovaries were removed just after the 
female flowers opened, and the carpopodium remained as a 
mark during the plant growth to record the proportion of nodes 
with pistillate flowers (PNPF). Twenty-five nodes were 
examined on each plant. The flower types and the number of 
pistillate flowers at each node, as well as the number of nodes 
with pistillate flowers on the main stem, were recorded before 
the closing dates of June 4th in spring and September 10th in the 
autumn. To compute the PNPF for single plants, the number of 
examined nodes with any pistillate flowers (i.e., single female, 
multiple female, or hermaphrodite) was divided by the total 
number of nodes examined (i.e., 25) and multiplied by 100. The 
PNPF for each accession was calculated as the average PNPF of 
the 15 examined plants (five plants per replicate × three 
replicates in total). Plant sex type was determined based on the 
published standards (Tan, 1980) and our observations. 
2.4. Sex expression stability analysis and germplasm 
classification  
The seasonal sexual stability of each accession was 
expressed as the ΔPNPF value, and a Student’s t-test was used to 
assess the significance of the ΔPNPF displayed by each 
accession. The accessions with P > 0.05 were termed seasonally 
stable; those with P-values between 0.01 and 0.05 were termed 
seasonally sensitive; those with P < 0.01 were termed highly 
seasonally sensitive.  
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2.5. Weather data 
The temperature, day length and other weather data were 
obtained from the Changping Station of the Beijing 
Meteorological Bureau.  
2.6. Data analysis  
Student’s t-tests were used to classify the significance of 
the difference in PNPFs for each accession between seasons. 
The correlation between the PNPF of all germplasms in a 
certain season and the difference in the PNPFs of the 
corresponding germplasms between two seasons was analyzed 
by principal coordinates analysis (PCoA). 
3. Results 
3.1. The genetic variation of PNPF and sex type 
classification in cucumber germplasms 
Among the materials analyzed, unisexual male, unisexual 
female and hermaphrodite flowers were observed. There was a 
significant difference in the PNPFs among all accessions in a 
given season. The PNPF ranged from 2.12% to 100% in spring 
and from 0 to 100% in autumn (Fig. 1) in all germplasms. Most 
(81.37%) accessions had a PNPF between 10% and 50% in 
spring (Fig. 1, A), but the majority (84.37%) of the accessions 
showed PNPFs of 0–20% in autumn (Fig. 1, B).  
Based on the classification used in previous studies, each 
cucumber accession in each season could be classified into one 
of 10 sex types: gynoecious, subgynoecious, normal monoecious, 
subandroecious, androecious, multi-pistillate, hermaphrodite, 
gynomonoecious, trimonoecious and andromonoecious (Table 1). 
In spring, most of the germplasms were either subandroecious 
(62.73%) or normal monoecious (31.68%). There were 10 ten 
gynoecious, eight subgynoecious, two multi-pistillate and two 
andromonoecious accessions. In autumn, approximately 94.10% 
of the accessions were subandroecious, while normal monoecious 
accessions accounted for 1.55% of the total. No hermaphrodite, 





























Fig. 1  The distribution of the PNPF of the cucumber core collection 
A. The PNPFs of the 322 accessions in spring; B. The PNPF of the accessions in autumn; C. The PNPF of the core collection accessions  
in both spring and autumn. The bar indicates the SE, the same below. 
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Table 1  The extended standards for classification of cucumber sex types and the counts of germplasm accessions 
of the different sex types in spring and autumn 
Accession Standard 
Spring Autumn Sex type 
Number Percentage/% Number Percentage/%
PNPF/% Flower type in plant 
Gynoecious 10 3.11 2 0.62 100 Only unisexual females 
Subgynoecious 8 2.48 8 2.48 70–100 All flowers unisexual, most female. 
Normal monoecious 102 31.68 5 1.55 35–70 All unisexual female and male flowers present in roughly equal proportion 
Subandroecious 202 62.73 303 94.10 0–35 All flowers unisexual, most male. 
Androecious 0 0 4 1.24 0 Only unisexual males 
Multi-pistillate 2* 0.62 2 0.62 > 75 Monoecious, >75% nodes produce more than two female flowers.  
Hermaphrodite 0 0 0 0 100 Only hermaphrodite flowers  
Gynomonoecious 0 0 0 0 100 Female and hermaphrodite flowers present, no male flowers. 
Andromonoecious 2* 0.62 2 0.62 N Male and hermaphrodite perfect flowers present, no female flowers. 
Trimonoecious 0 0 0 0 N Female, male and hermaphrodite flowers present. 
Note: N means no standard for PNPF range in this sex type. * means these germplasm had been counted in one of the first five types simply based on the PNPF 
and could be divided into other groups if the standard would be changed. 
 
3.2. The sex expression stability of cucumber 
germplasm in different seasons and its relation to their 
PNPFs  
The examined accessions displayed different levels of 
seasonal sexual stability. Only two out of the 10 accessions that 
were gynoecious in spring remained gynoecious in autumn. The 
other eight accessions that were gynoecious in spring formed 
male flowers in autumn and became subgynoecious. The two 
multi-pistillate accessions and two andromonoecious accessions 
were seasonally sexually stable (Table 1). However, several 
accessions that were subandroecious in spring became totally 
androecious in autumn. Most normal monoecious accessions 
shifted to become subandroecious.  
Most of the accessions showed a lower PNPF in autumn 
than in spring. The PNPF difference between spring and autumn 
showed a normal distribution (Fig. 2). A large fraction of the 
accessions had a reduced PNPF between spring and autumn of  
 
 
5%–30% (Fig. 2). The accession DF280 showed the maximum 
PNPF reduction of 67.91% (Table 4). However, the PNPFs of 
accessions DF301 and DF308 showed no difference between the 
seasons (Table 2).  
In general, ΔPNPFs were positively correlated with PNPFs 
in one season (Fig. 3). Consequently, high PNPFs were associated 
with high ΔPNPFs. In other words, many of the stable types are 
subandroecious. However, exceptions existed. Six gynoecious 
accessions and one subgynoecious accession with relatively 
high PNPFs in spring had only slightly reduced PNPFs in 
autumn and were seasonally stable (Fig. 3). In contrast, several 
accessions (DF280, DF302, DF87, DF173, and DF26) that were 
subgynoecious in spring became subandroecious in autumn, 
showing extreme seasonal sensitivity. Some accessions with low 
PNPFs that were subandroecious in spring (40.68%) were also 















Fig. 2  The histogram of the difference in the proportion of nodes with pistillate flowers (PNPF) of the same germplasms between spring and autumn 
A value of 0–5 indicates the sum of accessions with a PNPF decrease between 0% and 5%, 5.1–10.0 between 5% and 10%, and so on. 
 


















Fig. 3  The relationship between the PNPF in certain seasons and ΔPNPF of the cucumber germplasms between spring and autumn 
The regression lines show the sex stability (ΔPNPF) of the major germplasms; the circle indicates the stable accessions with high PNPF;  
the dotted circle indicates the highly sensitive accessions with low PNPF. 
 
All the accessions were classified into three groups 
according to the significance of the t-test of the difference 
between their PNPFs in spring and autumn. The seasonally 
stable group included 34 accessions, accounting for 10.56% of 
all materials tested. The seasonally sensitive group contained 66 
accessions, and the highly seasonally sensitive group contained 
222 accessions. These two groups accounted for 20.50% and 
68.94% of all materials tested, respectively (Fig. 4). 
Representative stable, sensitive and highly sensitive type 
accessions are listed in Tables 2, 3 and 4. 
 
Table 2  Representative accessions with stable sex expression  
Material )(SX    )(AX     )()( AXSX   P (α > 0.05) 
DF301 100.00 100.00  0 1 
DF308 100.00  100.00  0 1 
DF245 17.00  9.71  7.29  0.70  
DF14 13.58  11.14  2.43  0.49  
DF250 68.56  63.08  5.49  0.47  
DF19 76.33  65.33  11.00  0.43  
DF306 100.00  99.41  0.59  0.29  
DF194 10.00  2.93  7.07  0.28  
DF143 2.91  1.85  1.06  0.28  
DF6 15.11  10.53  4.58  0.25  
DF23 22.99  14.84  8.15  0.24  
JD43 100.00  98.73  1.27  0.22  
JD44 100.00  96.91  3.09  0.22  
JD41 100.00  94.80  5.20  0.22  
DF255 6.57  0 6.57  0.19  
JD18 15.54  9.60  5.94  0.19  
DF165 2.12  0.53  1.58  0.17  
Note: )(SX : the mean value of the proportion of nodes with pistillate flowers (PNPF) in spring; )(AX : the mean value of PNPF in autumn; P: the P-value of 
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Table 3  Typical accessions with seasonally sensitive sexual expression 
Material )(SX  )(AX  )()( AXSX   P (α > 0.05) 
DF32 24.00  4.53  19.46  0.04  
DF257 63.12  31.77  31.34  0.04  
DF15 27.33  2.93  24.39  0.03  
DF59 47.73  23.93  23.81  0.02  
DF7 30.48  2.57  27.91  0.02  
DF97 31.75  12.44  19.31  0.02  
DF41 47.37  8.00  39.37  0.02  
DF272 33.33  9.60  23.73  0.02  
JD9 30.32  6.87  23.45  0.02  
DF63 38.32  17.05  21.27  0.02  
DF33 25.06  8.15  16.91  0.02  
DF251 32.23  15.14  17.08  0.02  
DF8 54.71  27.73  26.98  0.02 
Note: )(SX : the mean value of the proportion of nodes with pistillate flowers (PNPF) in spring; )(AX : the mean value of PNPF in autumn; P: the P-value 
of the t-test. The same below. 
 
 
Table 4  Typical accessions with seasonally highly sensitive sex expression 
Material )(SX  )(AX  )()( AXSX   P (α > 0.05) 
DF280 83.60 15.69 67.91 0 
DF174 69.14 4.00 65.14 0 
DF10 61.66 0.80 60.86 0 
DF262 70.40 16.57 53.83 0 
DF87 77.06 25.50 51.56 0 
DF148 66.77 16.23 50.55 0 
DF17 67.99 17.85 50.14 0 
DF273 52.28 2.40 49.88 0 
DF246 66.59 18.00 48.59 0 
JD14 87.52 40.33 47.19 0 
DF302 80.23 34.18 46.05 0 
DF69 51.54 6.00 45.54 0 
DF34 54.10 9.14 44.96 0 
DF173 72.65 27.73 44.91 0 
DF203 57.92 13.43 44.49 0 
DF258 45.59 1.33 44.26 0 
DF82 50.95 7.21 43.74 0 
Note: )(SX : the mean value of the proportion of nodes with pistillate flowers (PNPF) in spring; )(AX : the mean value of PNPF in autumn; P: the P-value 
















Fig. 4  Temperatures and day lengths recorded during the periods of cucumber growth 
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3.3. The relationship of sex type transformation with 
temperature and day length  
From the weather data in the Changping District of Beijing 
during the experimental period, the range of average 
temperature from the sowing date to the open-field 
transplantation date was between 7.5 ℃ and 15 ℃ in spring. 
The day lengths were 11.9–13.4 h at the seedling stage and 
approximately 13.4–14.9 h at the blooming stage. In autumn, 
the average temperatures on the sowing and transplantation 
dates were 26  and 25℃  ℃ , respectively, which were 
significantly higher than the corresponding temperatures in 
spring. The day lengths at the seedling stage were 14.3–13.4 h, 
which were longer than those of spring; however, the day 
lengths at the blooming stage, which were less than 13.2 h, were 
significantly shorter than in spring and decreased further as the 
plants developed (Fig. 4). 
In Beijing, because of local temperature limitation for 
cucumber growth in open fields, farmers usually culture 
cucumber seedlings in solar greenhouses in early March for 
subsequent cultivation in plastic greenhouses. According to our 
observations over many years in Beijing, although some 
temperature differences exist between solar greenhouses, plastic 
houses and the open air, the trends of temperature changes were 
consistent, and the day length was basically identical. 
In this study, the PNPFs of most accessions were affected 
to some extent by the temperature and day length changes 
during plant development in different seasons. The higher 
temperature and longer day length at the early development 
stages in the autumn season were associated with reduced PNPF; 
the lower temperature and shorter day length at the 
corresponding stage in spring were associated with increased 
PNPF. However, the PNPFs of a few accessions were not 
affected by the seasonal changes, such as the two gynoecious 
accessions DF301 and DF308. 
4. Discussion 
There have been many studies of sex expression and its 
genetic mechanism by which the typical sex types in cucumber 
are produced (Fujieda et al. 1982; Trebitsh et al. 1997; Liu and 
Wehner, 2000; Xie and Wehner, 2001; Chen et al., 2005; Zou et 
al., 2008; Huang, et al. 2009; Dou et al., 2010; Chen et al., 
2011). Genes regulating and controlling typical sex types have 
also been cloned and analyzed (Li et al., 2009; Guo et al., 2010). 
However, less attention has been paid to sex type diversity, 
especially the seasonal changeability of sex expression in 
cucumber. The present study identified the sex types and PNPFs 
of cucumber germplasms from a wide range of sources; 
however, three of the possible sex types (hermaphrodite, 
gynomonoecious and trimonoecious) were not found in our  
 
collection. Notably, seasonal sex transformation is reproducible 
by comparing the results from the formal experiments and the 
pilot study and is a product of environmental and epigenetic 
interaction. Obviously, current molecular and genetic 
knowledge does not explain the mechanism underlying the 
diverse sex types, and their different and complicated seasonal 
responses. With the cucumber genome now having been 
sequenced, and new technologies to investigate epigenetic 
factors having been developed, in-depth interdisciplinary studies 
are now needed to elucidate the molecular mechanisms behind 
the diversity and expression stability of cucumber sex types. 
There is no terminological dispute over the definitions of 
gynoecy and androecy. However, the definition and 
classification of subgynoecy and subandroecy, as well as the 
multi-pistillate type, remain a matter of debate. Chen et al. 
(2005) classified plants with PNPFs of 61%–63% and the top 
8–11 nodes forming female flowers as subgynoecious. Shi  
(2009) also classified plants with PNPFs of 87% on average and 
female flowers on all top nodes as subgynoecious. As for the 
definition of ‘multi-pistillate’, Fujieda et al. (1982) did not 
consider the node rate of multi-pistillate flowers; they merely 
termed the plants with three or more female flowers on any 
node as multi-pistillate. In contrast, Liu (2000) defined 
multi-pistillate plants as those with a per-node frequency of 
multi-pistillate flowers greater than 10%. Clearly, these 
classification methods were based on different standards and a 
few materials studied by the authors, and are not suitable for the 
systematic examination of a large cucumber germplasm 
collection. For this study, based on the classification methods of 
Tan (1980), as well as other researchers’ standards and the 
results in our study, we proposed new and refined cucumber sex 
type classification standards. In addition to the three 
uniform-sex types (i.e., gynoecious, androecious and 
hermaphrodite), the plants harboring both male and female 
flowers but no hermaphrodite flowers were further classified 
into three types (subgynoecious, subandroecious and normal 
monoecious). Plants containing hermaphrodite flowers were 
classified as gynomonoecious, andromonoecious, or 
trimonoecious. Accessions were termed multi-pistillate if they 
had more than 75% of nodes harboring two or more female 
flowers.  
Cucumber sex type is determined by both genetic and 
environmental factors (Hou, 1999). It is still unclear whether 
cucumber is a short-day or day-neutral plant. There are limited 
studies of sex expression stability in cucumber. Zhong et al. 
(2010) analyzed the sex type changes of one subgynoecious and 
one subandroecious cucumber germplasm with different sowing 
dates. To the best of our knowledge, no exhaustive study of 
cucumber sex expression stability in different seasons in a 
large-scale germplasm collection has been reported. This study 
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showed that environmental factors contribute to cucumber sex 
determination, and the sex type of most of the cucumber 
germplasms is highly seasonally sensitive. In spring, 31.68% of 
total collections were normal monoecious, but this percentage 
was reduced to 1.55% in autumn. The percentage of 
subandroecious accessions was 62.73% in spring and 94.10% in 
autumn. These changes indicated that cucumber sex types were 
influenced by temperature or day length. However, which factor 
contributed more, and whether their effects were synergistic, 
remains unknown and warrants further study. Interestingly, we 
also noticed that the sex expression of some accessions was 
considerably seasonally stable, showing a day-neutral habit.   
In this study, the cucumber germplasms were identified and 
classified based on their sex type and sex expression stability, 
which will not only contribute to germplasm collection but also 
benefit cucumber breeding. Lineages with a seasonally stable 
sex identified in this study will become important breeding 
materials to develop cucumber cultivars with high and stable 
yields. 
Although the data with three replicates in this study were 
from only 1 year, observations of the same materials without 
replicates in 2010, 2011 and 2012 (data not shown) confirmed 
the presented results. 
Acknowledgements 
This work was supported by grants from the National 
Natural Science Foundation of China (NSFC) project 
(31171961), National Key Technology R & D Program from the 
Ministry of Science and Technology of China 
(2013BAD01B04), the Germplasm Protection Project from the 
Ministry of Agriculture of the People’s Republic of China 
(2014NWB032), the Science and Technology Innovation 
Program of the Chinese Academy of Agricultural Sciences 
(CAAS-ASTIP-IVFCAAS) and the Beijing Research Station of 
Vegetable Crop Gene Resource and Germplasm Enhancement. 
 
References  
Chen, H.M., Liu, X.H., 1999. A Study on the inheritance of sex 
expression in the cucumber. Journal of Hunan Agricultural 
University, 25: 40–43. (in Chinese) 
Chen, H.M., Tian, Y., Lu, X.Y., Liu, X.H., 2011. The 
inheritance of two novel subgynoecious genes in cucumber 
(Cucumis sativus L.). Scientia Horticulturae, 127: 464–467. 
Chen, H.M., Xu, L., Lu, X.Y., Yi, K., Xu, Y., Zhang, H.Y., Liu, 
X.H., 2005. Analysis on Cs-ACS1G gene determining 
gynoecious and location in cucumber. Molecular Plant 
Breeding, 3: 520–524. (in Chinese) 
Chen, J.F., Lou, Q.F., Yu, J.Z., Zhuang, F.Y., 2003. Screening of 
RAPD marker linked to cucumber sex determination gene. 
Acta Agriculturae Shanghai, 19: 11–14. (in Chinese) 
Dou, X.X., Zou, X.Y., Li, X.X., Shen, D., Wang, H.P., 2010. 
Genetic analysis on node rates of multi-pistillate flowers in 
cucumber. Acta Hort, 871: 111–118. 
Fujieda, K., Fujita, Y., Gunji, Y., Takahashi, K., 1982. The 
inheritance of plural-pistillate flowering in cucumber. J 
Japan Soc Hort Sci, 51: 172–176. 
Guo, S., Zheng, Y., Joung, J.G., Liu, S., Zhang, Z., Crasta, O.R., 
Sobral, B.W., Xu, Y., Huang, S., Fei, Z., 2010. Transcrip- 
tome sequencing and comparative analysis of cucumber 
flowers with different sex types. BMC Genomics, 11: 384. 
Hou F., 1999. Cucumber. Tianjin: Tianjin Science and 
Technology Press. (in Chinese) 
Huang, S.W., Li, R., Zhang, Z., Li, L., Gu, X., Fan, W., Lucas, 
W.J., Wang, X., Xie, B., Ni, P., Ren, Y., Zhu, H., Li, J., 
Lin, K., Jin, W., Fei, Z., Li, G., Staub, J., Kilian, A., van 
der Vossen, E.A., Wu, Y., Guo, J., He, J., Jia, Z., Ren, Y., 
Tian, G., Lu, Y., Ruan, J., Qian, W., Wang, M., Huang, Q., 
Li, B., Xuan, Z., Cao, J., Asan, Wu, Z., Zhang, J., Cai, Q., 
Bai, Y., Zhao, B., Han, Y., Li, Y., Li, X., Wang, S., Shi, Q., 
Liu, S., Cho, W.K., Kim, J.Y., Xu, Y., Heller-Uszynska, K., 
Miao, H., Cheng, Z., Zhang, S., Wu, J., Yang, Y., Kang, H., 
Li, M., Liang, H., Ren, X., Shi, Z., Wen, M., Jian, M., 
Yang, H., Zhang, G., Yang, Z., Chen, R., Liu, S., Li, J., Ma, 
L., Liu, H., Zhou, Y., Zhao, J., Fang, X., Li, G., Fang, L., 
Li, Y., Liu, D., Zheng, H., Zhang, Y., Qin, N., Li, Z., Yang, 
G., Yang, S., Bolund, L., Kristiansen, K., Zheng, H., Li, S., 
Zhang, X., Yang, H., Wang, J., Sun, R., Zhang, B., Jiang, 
S., Wang, J., Du, Y., Li, S., 2009. The genome of the 
cucumber, Cucumis sativus L. Nature Genetics, 41: 
1275–1281. 
Jiang, M.X., Zhang, L.D., Feng, Z.H., 1989. Development and 
utilization of cucumber gynoecious line. Ningxia Journal of 
Agriculture and forestry Science and Technology, (1): 
16–22. (in Chinese) 
Li, X.X., 2002. Studies on genetic diversity and phylogenetic 
relationship of cucumber (Cucumis Sativus L.) germplasm 
by morphological and molecular techniques. [Doctoral 
Dissertation]. Beijing: Chinese Academy of Agricultural 
Sciences. (in Chinese) 
Li, X.X., Fang, Z.Y., 2005. Discovery and utilization of plant 
excellent gene from the study of core collection. China 
Vegetables, (Supplement): 1–7. (in Chinese) 
Li, X.X., Shen, D., Song, J.P., Zhang, C.Z., 1999. The 
expression of genetic diversity and sources of Chinese 
cucumber germplasm. Crop Germplasm Resources, 3: 
27–28. (in Chinese) 
Li, X.X., Yin, Y., Qi, C.Zh., Shen, D., Song, J.P., 2001. A new 
cucumber variety-‘Zhongnong 202’. Acta Horticulturae
Diversity of Sex Types and Seasonal Sexual Plasticity in a Cucumber Germplasm Collection                                                   69 
 
Sinica, 28 (6): 580.  
Li, Z., Huang, S., Liu, S., Pan, J., Zhang, Z., Tao, Q., Shi, Q., 
Jia, Z., Zhang, W., Chen, H., Si, L., Zhu, L., Cai, R., 2009.   
Molecular isolation of the M gene suggests that a conserved- 
residue conversion induces the formation of bisexual 
flowers in cucumber plants. Genetics, 182: 1381–1385. 
Li, Z., Si, L.T., 2007. Progress on major genes for sex 
determination in cucumber. Molecular Plant Breeding, 5: 
75–79. (in Chinese) 
Liu, J.S., Wehner, T.C., 2000. Linkage inheritance among 6 
genes in cucumber. Hereditas, 22: 137–140. (in Chinese) 
Lou, Q.F., Chen, J.F., Molly, J., Chen, L.Z., Geng, H., Luo, 
X.D., 2005. Identification of AFLP and SCAR molecular 
markers linked to gynoecious loci in Cucumis sativus 
L．Acta Hortlculturae Sinica, 32: 256–261.  
Malepszy, S., Niemirowicz-Szczytt, K., 1991. Sex determination 
in cucumber (Cucumis sativus L.) as a model system for 
molecular biology. Plant Science, 80: 39–47.  
Rosa, J.T., 1928. The inheritance of flower types in Cucumis 
and Citrullus. Hilgardia, 3: 233–250. 
Shi, Q.X., 2009. Mapping of the sex-determining M gene and 
QTL mapping for MOA-subgynoecious in cucumber. [M. 
D. Dissertation]. Tai’an: Shandong Agricultural University. 
(in Chinese) 
Tan Q.M., 1980. Vegetable breeding. Beijing: Agriculture Press. 
(in Chinese) 
Trebitsh, T., Staub, J.E., O'Neill, S.D., 1997. Identification of a 
1-aminocyclopropane-1-carboxylic acid synthase gene 
linked to the female (F) locus that enhances female sex 
expression in cucumber. Plant Physiol, 113: 987–995. 
Wehner, T.C., 2005-2006. Gene list 2005 for cucumber. 
Cucurbit Genetics Cooperative Report, 28–29: 105–141. 
Xie, J.H, Wehne,r T.C., 2001. Gene list 2001 for cucumber. 
Cucurbit Genetics Cooperative Report, 24: 110–136.  
Ye, B.P., Ji, C.J., Yang, L.L., Yang, Z.H., Wang, Y.J., Cao, 
Z.X., 2000. Studies on a gynoecious-specific ACC synthase 
gene in different sexual phenotypes of cucumber genome. 
Acta Botanica Sinica, 42: 164–168. (in Chinese) 
Zhang, G.P., Li, X.X., Xiang, C.P., Shen, D., Wang, W.L., Song, 
J.P., 2006. Studies on the methods of establishing 
cucumber core collection based on RAPD analysis. Acta 
Horticulturae Sinica, 33 (2): 260–265.  
Zhong, H.X., Zhai, M.L., Qin, Z.W., 2010. Effect of sowing 
date on sex differentiation of cucumbers. Journal of 
Northeast Agricultural University, 41: 33–35. (in Chinese) 
Zou, X.Y., Li, X.X., Shen, D., Wang, H.P., 2008. Distribution 
of genes related to sex determination in cucumber 
germplasm of different sex types. China Vegetables, (1): 
10–13. (in Chinese) 
Zuo, Q.Y., Xie, S.D., 1995. Breeding and utilization of 
cucumber gynoecious line resistant to diseases. Guangdong 
Agricultural Sciences, 5: 17–18. (in Chinese) 
                                                                                                                                   
Welcome to the Second Asian Horticultural Congress 2016 
 
The Second Asian Horticultural Congress will be opened in 
Chengdu, Sichuan of China during September 26 to 28, 2016. 
This time, it will be co-hosted by International Society for 
Horticultural Science, Chinese Society for Horticultural Science, 
Korean Society for Horticultural Science and Japanese Society 
for Horticultural Science, and co-organized by Sichuan 
Academy of Agricultural Science and Chengdu Academy of 
Agricultural Science. With the first Congress held in 2008 in 
Cheju, Korea, the Asian Horticultural Congress was initiated by 
societies for horticultural science from China, Japan and Korea. 
Asia is endowed with plenty of important horticultural 
resources, and is the area of origin for many horticultural plants. 
Located across tropical, subtropical, temperate, and frigid zones, 
Asia has complicated climate, diversified ecosystems as well as 
profound farming culture. Therefore, on this land, many 
horticultural modes, models and technologies of production with 
considerate regional characteristics and cultural features are 
formed. And since the beginning of the 21th century, new 
developments of Asian horticultural science are continuously 
made both in basic research such as various omics, physiology 
and genetics and in the study of applied technologies promoting 
high yield, highly-efficient and sustainability of production, 
along with constant innovation in science and technology 
around the world, especially in biotechnology. However, no 
doubt that the horticultural industry of Asian countries is facing 
challenges in respects of resource shortage, rising of labor cost, 
pollution of environment, etc. To meet these challenges, we 
need to exchange and collaborate more than ever. As an 
exchange platform this Congress will provide fine opportunities 
of sharing knowledge, thoughts and experience, and the 
opportunities for cooperation to colleagues and friends engaging 
in scientific research on and production of fruit trees, vegetables, 
and flowers. 
Finally, the Organizing Committee of the Second Asian 
Horticultural Congress extends warm welcome to all researchers, 
teachers, students, executives and relevant professionals 
working in horticultural research and industry. Your presence 
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